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Figure 1. Remedial Investigation Study Areas

EXECUTIVE  SUMMARY
1

The Remedial Investigation (RI) report
summarizes the physical, chemical, and
biological characteristics of the Lower Fox
River and Green Bay. The purpose of the
RI report is to compile and evaluate these
data to support development of the
Baseline Human Health and Ecological
Risk Assessment (RA) and Feasibility
Study (FS). The RA identifies the risks
posed to human health and the
environment by compounds of concern.
The FS develops and evaluates a range of
remedial alternatives to support the
selection of a remedy that will eliminate,
reduce and/or control these risks.  This
RI/FS report is consistent with the
findings of the National Academy of
Science’s National Research Council
Report entitled A Risk Management
Strategy for PCB Contaminated Sediments.
(NRC, 2001).

The RI study area includes the Lower Fox
River extending 63 km (39 mi) from Lake
Winnebago to Green Bay as well as the
entire 4,150 km2 (1,600 mi2) of the bay.
Green Bay is 190 km (119 mi) in length
and averages 37 km (23 mi) in width.
The Lower Fox River was subdivided into
four river reaches. Green Bay is
subdivided into zones 2, 3, and 4 (Figure
1). The Green Bay Area of Concern, as
designated by the International Joint
Commission, is defined as the De Pere to
Green Bay Reach and much of Green Bay
Zone 2.

The RI evaluated data from numerous
investigations conducted within the study
area since 1971, which comprise the Fox
River Database (FRDB). Sediment,
water, and biological samples in the
FRDB include analyses for over 200

chemical parameters. Based on these
analyses, a Screening Level Risk Assessment
identified polychlorinated biphenyls
(PCBs), dieldrin, DDT, dioxins/furans,
mercury, lead, and arsenic as the
compounds present in the study area that
represent potential risks to human health
and the environment. However, PCBs are
the primary compounds of concern.

Site History and PCB Discharges
In the early 1950s, carbonless copy paper
was developed through a process that
applied an emulsion containing PCB on
paper in a manner that would create
document copies. Lower Fox River valley
paper mills manufactured and recycled this
carbonless paper between 1954 and 1971.
About 45 million pounds of PCB were used
in the Fox Valley during this time period.

PCBs were released to the environment
through manufacturing waste waters and
from the de-inking/recycling of waste
carbonless copy paper. The Wisconsin
Department of Natural Resources (WDNR)
estimates the amount of PCB that was
discharged to the Lower Fox River from
these activities is 313,600 kg (691,370
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pounds), with a range from 126,450 kg
to 399,450 kg (278,775 to 880,640
pounds). WDNR believes that five
facilities contributed over 99 percent of
the total PCBs discharged to the Lower
Fox River by the end of 1971.

In the late 1970s, commercial production
of PCBs in the United States was
prohibited due to concerns for human
health and the environment. At the
present time, some minor unavoidable
point source discharges along with
atmospheric deposition of PCB continue,
but are small compared to the PCB mass
present in the river and bay sediments.

Prior to implementation of the federal
Clean Water Act in 1972, rough fish
were the main species that could live in
t h e  L o w e r  F o x  R i v e r .  W i t h
implementation of the Clean Water Act
and more stringent control over
wastewater discharges, water quality in
the river improved and game fish began
to return to the river. PCBs were detected
in trout from Green Bay as early as 1971.
Due to continued elevated PCB levels,
WDNR issued advisories for public
consumption of fish (1976) and
waterfowl (1983) derived from Green
Bay and the Lower Fox River. The state
of Michigan also issued consumption
advisories for Green Bay fish in 1977.

PCB Distribution and Sediment
Volumes
Considering sediments containing more
than 50 µg/kg PCB, about 28,600 kg
(63,050 pounds) of PCBs are contained
within about 9 million m3 (11.8 million
yd3) of sediment in the Lower Fox River.
In Green Bay, approximately 68,200 kg
(150,300 pounds) of PCBs are dispersed
in about 465 million m3 (610 million

yd3) of sediment. The distribution of PCB
mass, sediment volume and sediment areal
extent are shown on Figure 2. Also shown
on Figure 2 is the ratio of PCB mass to
sediment volume. The reaches upstream of
the De Pere dam are combined on Figure 2
because of their relatively small PCB mass,
sediment volume and areal extent.

Much of the PCB discharged into the
Lower Fox River has already been
transported downstream and is now
concentrated in sediments within specific
areas:

C The De Pere to Green Bay Reach
contains almost 26,000 kg of PCB,
which represents about 91 percent of
the mass remaining in the river. This
reach contains just under 27 percent of
the total PCB mass in the system and is
concentrated within a relatively small
area comprising just over one percent of
the total sediment volume. This reach
also exhibits the highest mass of PCB
per volume of sediment.

C Approximately 70 percent of the total
PCB mass in the system has migrated
from the river into Green Bay. 

C The PCB mass in Green Bay is
dispersed over an extraordinarily large
area and in an extremely large sediment
volume. Almost half of the total PCB
mass in Green Bay is found in Zone 2.

Sediment and PCB Transport 
Particle size and cohesion along with
river/bay conditions, especially current
s p e e d s ,  c o n t r o l  t h e  d e p o s i t i o n ,
resuspension, and transportation of
sediments (and the PCBs absorbed to them).
In the Lower Fox River, sediments have
accumulated in 35 separate deposits above



xxi

Figure 2. PCB Mass & Sediment Volume/Area Distribution by river reach and bay zone

the De Pere dam. Below the De Pere dam
and in Green Bay, where current speeds
tend to be lower, sediments cover large
areas of the river and bay bottom, except
in areas where the sediments are dredged
to maintain ship navigation. The highest
PCB concentrations have also been
observed in the LLBdM and De Pere to
Green Bay reaches, in the vicinity of
historic discharge points.

The average river discharge was about
122 m3/s (4,300 cfs) between 1989 and
1998. Due to storm events and spring
snowmelt, the river discharge exceeds 272
m3/s (9,600 cfs) more than 10 percent of
the time. These faster currents have the
capability to resuspend and transport
larger particle sizes and greater volumes
of sediment and, therefore, a greater mass
of PCB. Field measurements and
computer modeling results suggest that

these less-frequent, high-discharge events
transport much of the PCB mass in the
river over the De Pere dam and into Green
Bay. In addition to sediment transport,
PCB migrates due to dissolution in water
and adsorption onto algae and other
organic matter. The PCB mass transported
from reach to reach increases along the
river. Based on sampling data collected as
part of the Green Bay Mass Balance study
in 1989-90,  about 280 kg (610 pounds) of
PCB were transported to Green Bay during
the study period. Based on work done in
1994-95 as part of the Lake Michigan Mass
Balance, it was estimated that 220 kg (485
pounds) of PCB moved from the river into
the bay. PCB loads to the bay vary as the
river flow varies. This mass represents up to
1 percent of the PCB mass in the river.



xxii

Sediment discharged from the Lower Fox
River is directed toward the east shore of
Green Bay by counterclockwise currents.
This sediment-rich water can extend
between 20 km to 40 km (12 mi to 24
mi) along the east shore. Fluctuating
water levels, wave action and reverses in
stream flow in this area facilitate
sediment transport  and mixing.
Consequently, large volumes of sediment
containing PCB are present along the
southern and eastern portions of Green
Bay. At least 68,200 kg (150,300
pounds) of PCBs already reside in the
bay. Over 95 percent of the PCB that
occurs in Green Bay is derived from the
Lower Fox River. 

This transport of PCB also extends into
Lake Michigan. During 1989/90, it was
estimated as part of the Green Bay Mass
Balance Study that about 122 kg (270
pounds) of PCBs were transported from
Green Bay to Lake Michigan. Other mass
t r a n s p o r t  p a t h w a y s  ( s u c h  a s
volatilization) also exist.

E c o l o g i c a l  S a m p l e s  a n d
Characteristics
Exposure of biota to sediments and water
containing PCB fosters uptake of PCBs
into the food chain.  Wetlands,
submerged aquatic vegetation, and
islands along the Lower Fox River and
Green Bay offer nesting/spawning,
feeding, and refuge opportunities for fish,
birds, and animals. Other lacustrine,
riverine, and estuary features also provide
habitat for regional wildlife. In addition
to birds and fish, the FRDB contains
information on PCBs in deer, otter, mink,
and various insects and invertebrates.
The RA evaluates PCB uptake and
accumulation in selected species and the
a s s o c i a t e d  h u m a n  h e a l t h  a n d

environmental risks. Areas with higher PCB
concentrations tend to pose a greater risk of
exposure.

Effects of Time
The FRDB includes sediment and water
results from over a 10 year period while
tissue samples were collected between 1971
and 1999. During the 1970s, after PCB
discharges into the river ceased, PCB
concentrations in fish tissue showed
significantly declining concentrations.
However, since the mid-1980s, changes in
the rate of PCB decline in fish tissue have
been observed.  Changes in PCB levels in
fish tissue have either slowed, remained
constant, or is some cases actually
increased. 

PCB concentration trends in the upper 10
cm (4 in) of sediment are inconsistent, but
generally appear to be decreasing over time
as more PCB is transported downstream.
Soil eroded from the watershed mixes with
and may further dilute PCB concentrations
in the sediments. 

Further Information
The selection of remedies for the Lower Fox
River and Green Bay will consider the
information within the RI, RA and FS, as
well as input by the public and interested
parties. For further information, please
contact: 

Mr. Edward K. Lynch, P.E.
WI Department of Natural Resources
101 S. Webster Street
Box 7921, Madison, WI 53703
(608/266-3084)
or visit the WDNR website at
http://www.dnr.state.wi.us/org/water/wm/lowerfox
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